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Abstract  
In the last years a new feature extraction approach from a single amplitude SAR image of urban areas has been 
introduced by the authors. In this paper they discuss the feasibility of this approach to detect changes in urban 
areas when natural hazards occur, with the aim to identify damaged or collapsed buildings by monitoring changes 
in the radiometric content of relevant SAR images. The test is performed on COSMO-SKyMed data provided 
before and after the earthquake that took place in the area around L’Aquila, Italy, in April 2009. First results are 
presented and discussed. 
 
1 Summary 
Recently the launch of new SAR missions and the fol-
lowing delivery of very High Resolution (HR) SAR 
images let some issues arise about the extraction and 
interpretation of the relevant information content. As 
regards urban areas, the authors afforded the matter 
introducing the deterministic feature extraction ap-
proach, which is based on the inversion of an electro-
magnetic scattering model developed for an isolated 
canonical building [1], for the extraction of geometric 
[2-3] and electromagnetic [4] features in urban areas 
from a single amplitude HR SAR image.  
While investigating to what extent that approach could 
be generalized they applied it with proper modifica-
tions to cylindrical structures finding that the structure 
height retrieval is still possible with very good results 
[5].  
The fine capability of this approach in detecting fea-
tures at a micro-scale, as well as its flexibility in 
adapting to different man-made scenarios, makes it 
really powerful in terms of possible applications and 
this is what the authors are currently investigating. 
For example, in terms of helpful applications, the cur-
rent use of this approach can be straightforward ex-
tended from feature extraction to change detection al-
gorithms on certain areas of interest which, indeed, 
are strongly required in case of natural hazards. 
Often, in case of earthquake, SAR data are used in in-
terferometric configurations (the phase information 
content is exploited) to give measures of land move-
ments occurred. This kind of information, even if 
relevant for other aims, it is not useful for a responsive 
support to civil protection as not able to retrieve in-
formation about how much specific areas have been 
hit in terms of damaged or collapsed buildings. 
In this respect, the exploitation of the amplitude in-
formation content in HR SAR images (in the order of 
1 meter), ca be really powerful if carried on in terms 
of monitoring of changes in the radiometric content of 
the SAR image as explained in the next section. 
 
 
2 Theoretical principles 
The basic principle is simple but its potential applica-
tive scenario is really huge. The theory here exploited 
is fully introduced in [2] and they authors refer to that 
for a thorough discussion while here they limit to 
show how, theoretically speaking, a change in the ra-
diometric content of an amplitude SAR image can be 
exploited to infer the occurrence of large changes in 
the geometrical configuration of an urban area af-
fected by an earthquake.  
Let us consider Figure 1a. In case of an ordinary 
building, simply modeled as in the figure, we expect 
the usual double scattering mechanism to contribute to 
the formation of the amplitude SAR image with a very 
bright line well known as double reflection line. 
Both in case of partially damaged (Fig.1b) or totally 
collapsed building (Fig.1c), instead, this mechanism 
should be reduced and, in turn, the intensity of the fi-
nal contribution decrease or it might even disappear 
as, essentially, the dihedral configuration may totally 
change its geometric and/or electromagnetic proper-
ties. 
In addition, in case of cave-in, not only the affected 
buildings change their shape but also their surround-
ings will appear differently as probably covered by 
ruins, thus certainly modifying the corresponding 
double reflection “signatures” in the post event SAR 
image. 
These considerations led the authors to investigate the 
applicability of their approach also in the framework 
of post-earthquake monitoring.  
 
Figure 1  Double scattering mechanism in case of ca-
nonical building (a); partially damaged (b); collapsed 
(c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Optical image acquired on L’Aquila centre 
(Italy) after the earthquake. Image © Geoeye 2009. 
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Figure 3 HR SAR images of L’Aquila centre (Italy) 
acquired before the earthquake, on 22
nd
 March 2009, 
(a) and the day after, on 7
th
 April 2009 (b). The red 
arrow shows in both images the site where a building 
collapsed (indicated also in Fig.2). (Product COSMO 
–SkyMed - ©ASI Agenzia Spaziale Italiana -2009 – 
All rights reserved.) 
 
 
3 Case Study: the earthquake in 
L’Aquila 
On 6
th
 April 2009 a 5,8 Richter magnitude earthquake 
interested the area around L’Aquila, in Italy, causing 
more than 300 victims. Many still alive persons have 
been pulled out from the rubble in the hours after the 
earthquake and this shows the importance of rapidly 
providing a mapping of collapsed buildings. 
In Fig.2 an optical image is provided to clearly indi-
cate some of the most damaged areas. 
The Italian Space Agency (ASI) provided pre- and 
post-event HR SAR images acquired by the Italian 
mission COSMO-SkyMed on the area interested by 
the hazard. 
The two HR SAR images have been co-registered and 
the pre-event image has been assumed as master. They 
are both shown in Fig.3.  
The kind of scenario does not well fit the geometrical 
models underlying the application of the deterministic 
feature extraction approach because of two main rea-
sons: the area is not flat and most buildings have 
sloped roofs. The not flatness of the area causes in the 
SAR image a strong layover effect from the mountain 
slope facing the radar (clearly visible on the left side 
of the images in Fig.3) and the signatures of many 
buildings (including collapsed buildings as La Casa 
dello Studente or the building indicated with a yellow 
arrow in Fig.2) fall in this layover area which makes 
their extraction impossible. The presence of sloped 
roofs, instead, may cause an overlapping of the double 
reflection line due to the building dihedral (on which 
extraction our paper focuses) and the scattering from 
the slope of the roof facing the radar. In addition, the 
problem of false negative may occur as discussed in 
[6] but all these aspects will be discussed at the confe-
rence. 
The application of the deterministic approach to this 
scenario is showing that, together with the identifica-
tion and extension of hit areas at a macro-scale, it can  
provide the level of damage at a micro-scale in terms 
of building geometric parameters when working with 
1-m resolution images.  
The mapping of areas affected by changes is currently 
performed manually by the authors who, after co-
registering the two images, manually selected the ar-
eas to work at and applied the approach as described 
in [2-3]. In [7] the involved formulas in [2-3] are rear-
ranged in order to work out a simple expression for 
the level of damage for a single building. In percent-
age terms that expression can be written as: 
 
 
 
   
(1) 
 
where h1 and h2 are, respectively, the height of the 
same building before and after the hazard, o1ˆ and 
o
2ˆ are the radar cross sections measured, respectively, 
on the pre- and post-event SAR image in correspon-
dence of the double reflection line of the building un-
der study, cost is a calibration constant including at-
tenuation, background noise as well as constant com-
mon terms deriving by the application of the 
deterministic approach to areas with similar electro-
magnetic properties and viewed under similar radar 
configurations in the pre- and post-event images (see 
[7] for more details). This is indeed the case as will be 
detailed at the conference where all information about 
the datasets will be provided. 
Obviously, eq.(1) gives an estimation of only a certain 
type of damage, which is related to a change in the 
height of the building and mainly regards collapsed 
buildings. Buildings that present severe damages but 
did not partially or totally collapse are not identified 
with this approach and, in turn, their damage can not 
be quantified. 
The authors worked with the ratio image, given by the 
ratio of the pre-event image over the post-event im-
age. The idea to work with the ratio comes from the 
application of the theory in [2] according to which 
buildings with no changes in their height present the 
same double reflection mechanism and scattering 
(only different calibration constants may be present in 
the two images and they can be properly considered) 
while buildings having the height changed (a collapse 
in particular) will present a decrease in the double re-
flection scattering due, as explained in Section 2, to a 
decrease in the surface interested by that mechanism. 
As examples, we discuss two sites we worked at.  The 
first, Site 1, see Fig. 4c for an optical view, is a site 
taken in the industrial area in which buildings did not 
present damages after the earthquake shock. The HR 
SAR images pre- and post-earthquake, see Fig.4a-b 
appear equal and, indeed, the quantitative radiometric 
analysis of the ratio, Fig.4d, shows that no significant 
change occurred in the double reflection lines. 
The other site, Site 2, is instead in the surroundings of 
Via XX Settembre where many buildings were se-
verely damaged or even totally collapsed. This site is 
the one shown in Fig.2 and the relevant SAR images 
have been already given in Fig.3. 
The ratio of the images applied to this site gives now 
different results. In particular, in correspondence of 
the collapsed building indicated by the red arrow in 
Figs.2-3 we have the ratio image shown in Fig.5 (a 
median filter has been applied to tackle the increasing 
of speckle due to the ratio operation). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Site 1 in L’Aquila (Italy). (a) pre-event HR 
SAR image, (b) post-event HR SAR image, (c) pre-
event optical image (© Google Earth), (d) ratio of pre-
event over post-event image.  
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Figure 5 Ratio of pre-event over post-event image on 
Site 2 of Fig.2. 
 
 
A quantitative radiometric analysis of the bright line in 
Fig.5, based on the application of eq.(1), now shows a 
damage of about 90% which is a reasonable result if 
we look at the post-event optical image in Fig.2. 
More examples and details will be given at the confer-
ence.  
 
 
 
4 Conclusions 
A first application of the deterministic feature extrac-
tion approach for change detection in urban areas after 
an earthquake has been presented.  
Even if the site did not correspond to the geometrical 
model assumed by the above approach the first results 
are promising.  
More sites need to be considered for better assessing 
the performances of the approach in an emergency 
context and, in this respect, an automatization of the 
all procedure is still needed.  
But with this paper the approach is showing again its 
flexibility. Moreover, the extension to the monitoring 
of urban areas in case of different hazards as floods is 
straightforward and even simpler. 
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